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QUARTZ CRYSTAL RELIABILITY STUDIES

REPORT NUMBER 2

CONTRACT DA 36-039 SC-89199

SIGNAL CORPS TECHNICAL REQUIRB4ENTS

NUMBER SCL-7003/84, 5 SEPTEM3ER 961

DEPARMENT OF THE ARMY PROJECT NUMBER 991500401

SECOND QUARTERLY REPORT, 5 JULY 1962 to 5 OCTOBER 1962

The objectives of this study are:

1. - The determination of the causes of failure in quartz

crystal units.

2. - The formulation of accelerated tests for the determina-

tion of "time to first failure", "meantime between failures",

and "life time".

3. - The evaluation of such factors as elevated temperatures,

and drive levels other than the recommended drive levels,

in causing failure of quartz crystal units.

4. - The determination of a satisfactory definition of

failure in terms of performance.

This report was prepared by Carleton E. Jones.
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Statement of Purpose

This study is an investigation of factors that produce failures

of quartz crystal units. The work is divided into five phases, which

are not necessarily to be performed in chronological order.

Phase I: The contractor will procure, from industry, military

quartz crystal units in the types and quantities specified in Signal

Corps Technical Requirement SCL-7003/84. Each of these quartz crystal

units will be subjected to all preproduction tests required by Specifi-

cation MIL-C-3098C, and such other tests as may be required to establish

that the crystal units are of a quality suitable for the study. Any

crystal units which fail these tests will be eliminated from further

study.

Phase II: The crystal units that conform to all specification

requirements during Phase I testing will be subjected to tests as listed

below.

(a) All crystal units that are normally operated under controlled

temperature conditions will be stored at their specified

operating temperatures.

(b) One-fourth of the crystal units that are normally operated

under non-controlled temperature conditions will be stored at

plus 85 degrees centigrade. The remaining three-fourths of

these units will be operated in oscillators at room ambient,

one-third of them at 25 percent of rated drive level, one-

third at 100 percent of rated drive level, and one-third at

500 percent of rated drive level.
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(c) Measurements of series resonant frequency and resistance will

be made at the end of each of the following periods of time

after the start of the test: 24 hours, 125 hours. 225 hours,

500 hours, 1000 hours, 2000 hours, and 5000 hours. I
Phase III: The frequency versus temperature characteristics of

the crystal units will be redetermined.

Phase IV: Those crysLal units which still meet the requirements

of MIL-C-3098C at the end of Phase III will be divided into two lots,

one of which will be subjected to shock tests, the other to vibration I
tests. The frequency and effective resistance of the crystal units will

then be redetermined.

Phase V: A final report will be prepared, analyzing the data

generated in Phases I through IV with regard to: (a) determination of

causes of failure; (b) the formulation of tests tc determine "time to I
first failure", "mean time between failures", and "life time"; (c) the

effects of elevated temperatures, and high and low drive levels in

inducing failure; (d) a workable definition of failure in terms of

crystal performance; and (e) determination of a reliability figure for

quartz crystals. I

I
I
I
I
I
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Abs tract

Phase I (the preproduction testing of the crystal units) is pro-

g.essing well. Two hundred ten of the six hundred crystal sarples in-

volved in this study have completed Phase I and are now in Phase II

testing.

No problems of any significance have been encountered in performing

either Phase I or Phase II tests. Slow delivery of the crystal units

by the manufacturers continues to be the major element slowing progress

with the ;tudy.



Phublicatirn.;, Lectures, 1Reports, ana Conferences

Durirn the period covered by this Quarterly Report, there were nc

publication.; issued, and no lectures delivered.

Tne First Quarter-y Report of thi. study was prepared and distributed,

the distribution being accompLished during the week endin;; 6 September [

S-)62. 2,c ýhird and fcr.,r:,n monthly repcrts were also sutcnit&ted during

uI~is perioa.

A conference was held 10 July 1>62, at the U.S. Army Research and

Developmrent Laboratories, Fort MWnm.uth, New Jersey. The Sig.ai Corps

repre.entatives present were Mr. M. Bernstein, Mr. J. Starniey. ana Mr. j
P. Muivihil. The contractor was represented by Mr. W. In~iing, Mr. C.

Jones, and vr. E. Roeger. The discussions held were of a general nature,

and led to some clarification of the statement of work. A consensus wo-zý

reacl.ed regarJing both the terminclogy and the methoas to be employe:]

in pcrfocrrLr-Z the work outlined in Signal Corps Technical Requirement

SCL-70i)-/54•

I
i
!
I
I
I
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FACTUAL DATA.

During the period covered by this report several partial shipments

of sample crystals were received. Manufacturer "A" has delivered all

the CR-L8A/U units, al. the CR-32A/U units, and 79 of the 120 CR-67/U

units that were ordered. No CR-74/U samples have been received from

manufacturer "A".

Manufacturer "B" has delivered 90 of 120 CR-18A/U units ordered,

as well as 103 of 120 CR-67/U units, 9 of 30 CR-32A/U units, and all

30 CR-74/U units. All the crystal units that have been received are

now undergoing, or have completed, the preproduction tests.

The following identification system has been established for use

during the study of the crystals supplied by manufacturer "A":

Lot 1 - Type CR-18A/U, numbered from I through 30
Lot 2 - Type CR-18A/U, mubered from 31 through 60
Lot 3 - Type CR-18A/U, numbered from 61 through 90
Lot 4 - Type CR-18A/U, numbered from 91 through 120
Lot 5 - Type CR-67/U, numbered from 1 through 30
Lot 6 - Type CR-67/U, numbered from A. through A30
Lot 7 - Type CR-67/U, numbered from T1 through T30
Lot 8 - Type CR-67/U, numbered from U. through L30
Lot 9 - Type CR-32A/U, numbered from 1 through 30
Lot 10 - Type CR-74/U, numbered from 1 through 30

A parallel identification system has been established for the

crystals supplied by manufacturer "B".

Lot 11 - Type CR-18A/U, numbered from 1 through 30
Lot 12 - Type CR-18A/U, numbered from 31 through 60
Lot 13 - Type CR-lPA/U, numbered from 61 through 90
Lot 14 - Type CR-18A/U, numbered from 91 through 120
Lot 15 - Type CR-67/U, numbered from 1 through 30
Lot 16 - Type cR-67/U, numbered from Al through A30
Lot 17 - Type CR-67/U, numbered from T1 through T30
Lot 18 - Type CR-67/U, numbered from LU through L30
Lot 19 - Type CR-32A/U, numbered from 1 through 30
Lot 20 - Type CR-74/U, numbered from 1 through 30
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All crybtal szip)e!; that have been received have been identified

according to this system. A- the balance of the crystal 4amples are

received, they wiLL also be marked in accordance with this system.

During thi. report period, Lots 1, 2, 3, 4, 5; 6, and 9 completed

t:e preproduction tejto zf dpecification MIL-C-30PC, and entered Phase

II testlnj. Lots U1. 12, 13, 15, 16, and 17 comple'ted th.: preproduction

tests thr-ugh Low Pemperature St-rage. Lot aD completed the prepro-

duction tests through the initiaL measurement ot ,ceries resonant fre-

4uency and effective resistance.

Descriptions of the .,nner of performing the visual and mechanical

examinatinj, and the insulation resistance, shunt capacitance, overall

frequency tolerance, and unwanted modes were included in the First

Quarterly Report. The remainder of the preproduction tests were perfromed

as described below:

(a) Reduced Drive Level

A fixed resistor, whose resistance is equal to the maximum

allowable resistance for the crystal uwder test, is connected to

the crystal socket of the test set. The screen voltage control cf

,he zest set is then adjusted to provide a grid-current meter de-

flection 2.5 microamperes greater than the non-oscillating readint;

,:- the Erid-carrent meter. The meter shunt control is at its

maximum c.ockwise setin._ when this adjustment is made. The fixed

resistor is then removed from the crystal socket of the test c.t,

and the crystal under test is plugged into the socket. The grid-

current meter shall show a deflection of at least 2.5 microamperes

6



from the non-oscillating grid-current meter indication. The crystal

must also operate on frequency.

(b) Shock

The series resonant frequency and the effective resistance of

the crystals are determined and recorded. The crystal units are

then mounted in the specified shock machine and subjected to three

impact shocks, each of 100 Gravity units intensity. One impact

shock is applied along each of the three mutually perpendicular

axes of each crystal unit. Following this, the series resonant

frequency and the effective resistance of the crystals are again

determined.

(c) Vibration

The series resonant frequency and the effective resistance of

the crystal units are measured and recorded prior to vibration.

The crystal units are then rigidly mounted on the table of a low-

frequency vibration machine, so that the applied vibration will be

as follows:

One-third of the units will have the vibratory motion

applied parallel to the vertical axes of the crystal holders.

One-third of the units will have the vibratory motion

applied parallel to the major horizontal axes of the crystal

holders.

One-third of the units will have the vibratory motion

applied parallel to the minor horizontal axes of the crystal

holders.

7



The vibration consists of a simple harmonic motion having

an amplitude of 0.03 inclh (total excursion of 0.06 inch) and

is applied continuously for a period of two hours. The fre-

quency of the vibration is varied uniformly from 10 to 55

cycles per second, and returned to 10 cycles per second, once

each minute. At the conclusion of the two hour period, the

crystal units are removed from the low-frequency vibration

machine, and then rigidly mounted to the table of a high-

frequency vibration machine. The method of mounting and the

ortentation of the crystals units is the same as that for the

low-frequency portion of the test.

The vibration consists of a simple harmonic motion having

the necessary amplitude to provide the specified acceleration

throughout the range of frequencies from 50 to 500 cycles per

second. The frequency of vibration is autcamatically changed,

at a logarithmic rate, from 50 to 500 and back to 50 cycles

per second in a period of 12 minutes. The test is continued

for a period of three hours.

At the conclusion Qf the three hour period, the crystal

units are removed from the vibration machine, and the series

resonant frequency and effective resistance are measured and

recorded.

(d) Heat Cycling

Prior to the heat cycling test, the series resonant frequency

and the effective resistance of the crystal units are measured and

recorded. Following these measurements, the crystal units are

8



placed in a well-ventilated oven equipped with an automatic program

controller and subjected to the following temperature cycle:

From an initial temperature of approximately plus 25

degrees Centigrade, the temperature within the oven is in-

creased to approximately plus 100 degrees Centigrade. The rate

of change of temperature is less than 2 degrees per minute.

After the temperature reaches the 100 degree level, it is main-

tained at that level for a period of 30 minutes. At the con-

clusion of the 30 minute period, the temperature within the

oven is decreased to approximately plus 25 degrees Centigrade,

with the rate of temperature change less than 2 degrees per

minute. This completes one cycle. The test is continued,

without interruption, until three cycles have been completed.

At the conclusion of the third cycle the series resonant fre-

quency and the effective resistance of the crystal units are

again measured and recorded.

(e) Low Temperature Storage

The series resonant frequency and effective resistance of the

crystal units are measured and recorded. The crystal units are

placed in a refrigerator, and starting from a temperature of approx-

imately plus 25 degrees Centigrade, the temperature within the

refrigerator is reduced to approximately minus 65 degrees Centigrude,

and then maintained at that level for a period of one hour. At

the end of the one hour period, the temperature is increased to

approximately plus 25 degrees Centigrade, the rate of tempera'*,ure

change being less than 10 degrees per minute. This completes one

9
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cycle. The test is continued, without interruption, until three

cycles have been completed. At the conclusion of the third cycle,

the crystal units are removed from the refrigerator, and their

series resonant frequency and effective resistance are again mea- I
sured and recorded. I
(f) Leakage

The crystal units are immersed in a quantity of distilled

water (containing a wetting agent) in an open glass container. The

glass container is then placed in an altitude chamber, the cham- I
ber is closed and sealed, and the air pressure within the chamber

is reduced to from 1.30 to 1.34 inches of mercury, absolute. This

pressure is maintr.ined for a period of five minute. During this

period the crystal units arc observed for leakage, as evidenced by

a continucus formation of bubbles from the crystal units. At the 17
conclusion of the five minute test period, the air pressure within"

the chamber is returned to rcom ambient, and the crystal units are

removed from the test container and dried. The series resonant I
frequency and effective resistance of the crystal units are then

measured and recorded. (This check of frequency and resistance is I
not required by Specification MIL-C- 3098C, but is performed be-

cause of the possibility that leakage might occur which is not

visually detected.) I
(g) Immersion

The crystal units are subjected to an inmersion test, per-

formed as follows: The crystal units are placed in a wire mesh

10
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basket, and then completely immersed in a hot bath of fresh (tap)

water. The temperature of the hot bath is kept between plus 65

and plus 70 degrees centigrade, and duration of the immersion is

15 minutes. The crystals are next lifted from the hot bath, and

immediately imersed in a saturated solution of sodium chloride

and water, the temperature of this bath being between plus 20 and

plus 25 degrees Centigrade. The duration of this immersion is al-

so 15 minutes. This procedure is performed twice, then the crystal

units are rinsed in running tap water, dried, and the insulation

resistance, series resonant frequency, and effective resistance

are measured and recorded.

(h) Salt Spray (Corrosion)

The crystal units are subjected to the following salt spray

test: The crystal units are suspended within the salt spray cham-

ber by means of chemically insert cords. The chamber is then

closed, the temperature within the chamber is increased to between

plus 92 and plus 97 degrees Fahrenheit, and the specified salt

spray is introduced into the chamber. The test is continued for

a period of 48 hours, then the crystal units are removed from the

test chamber, washed in running tap water, dried, and examined for

evidence of corrosion. Finally, the series resonant frequency and

the effective resistance are measured and recorded.

(i) Aging

One-half of the crystal units of each type are subjected to

the aging test. The crystal units are mounted in an oven, in

S~11



I
crystal sockets, and lends arc brought out of the oven to the test

set. The oven is closed, and the temperature within it is in-

creased to the temperature zUecifloj -.1, MIL-C-3098C for aging the

type of crystal being tested. The oven used is capable of rain-

taining any selected temperature (in itz range) within plus or

minus one-tenth of a degree centigrade. After 24 hours, and again

after 96, 192, 264, 360, 432, 528, 600, 672, arc,• 720 hours, the

series resonant frequency of the crystal units was measured and

recorded. The crystal units were not removed from the test chain- I
ber for the performance of these measurements. I
(j) Moisture Resistance

The one-half of the crystal units of each type that are not j
subjected to the aging test are subjected to the misiture resis-

tance test. The crystal units are dried, at a temperature of plus I
50 degrees Centigrade, for a period of 24 hours. The crystal units

are then transferred to the mositure resistance test chamber,

where they are subjected to 10 continuous 24 hour cycles, as fol- I
lows: Drirg the first two and one-half hours, the temperature

is raised from approximately plus 25 degrees Centigrade to plus I
65 degrees Centigrade. This temperature is maintained for a period

of three hours. The temperature falls to plus 25 degrees Centi-

grade during the next two and one-half hour period, and i. again

increased to plus 65 degrees Centigrade in the succeeding two and

one-half hours. The temperature is maintained at that level for

three hours, and is then gradually reduced to plus 25 degrees

Centigrade during a period of two and one-half hours. The temper-

I
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ature is maintained at plus 25 degrees Centigrade for a period of

eight hours. This completes one cycle. Throughout the 24 hour

cycle the relative humidity was maintained between 90 and 98 per-

cent, with the following exception:

In five of the first nine cycles, during the eighteenth

through the twenty-first hours of the 24 hour cycle, the temper-

ature is reduced to minus 10 degrees Centigrade. The humidity is

not controlled during this portion of the test.

At the conclusion of the 10 cycles, the crystals are removed

from the test chamber, stored 24 hours at room conditions, and

then the insulation resistance, series resonant frequency, and

effective resistance are measured and recorded.

(k) Temperature Run for Extended Temperature Ranges

All crystal units designed for operation under noncontrolled

temperature conditions are tested for conformance with the pro-

visions of MIL-C-3098C through their specified temperature range.

The test equipment employed includes the following items:

(1) Crystal Impedance Meter, Ts-683/TSM
(2) Vacuum tube Voltmeter, Hewlett-Packard Model 4i0-B
(3) Standard frequency bource, General Radio Type 1101-A

piezo-electric oscillator and Type 1102-A multivibrator
and power supply

(4) Multi-band radio receiver, Hammarlund Model SP-600
(5) Electronic Frequency Meter, Hewlett-Packard Model 500B
(6) Temperature Recorder, Brown, Model 153 X IOV-K-26
(7&8) Recording Meters, Esterline-Angus Model AW
(9) Test slug, aluminum
(10) Oven, and auto-transformer
11) Cold storage box
12) Platinum wire temperature sensor

(13) Interpolation Oscillator, General Radio Type 1107-A

13



The setup and test procedure are as follows: All equipment

is energized, and allowed to "warm-up" for a period of one hour.

The drive adjustment of the crystal impedance meter is set near

its low extreme, one of the test crystals is plugged into the

crystal impedance meter, and the tuning control of the crystal --

impedance meter is adjusted to approximately the crystal frequency.

The crystal impedance meter tu,-ing and drive controls are adjusted

until the grid-current meter indicates that the crystal is oscil-

lating. The receiver is then tuned to the crystal frequency.

The crystal is removed from the crystal impedance meter, the appro- -

priate calibrating resistor is plugged into the crystal socket,

and the vacuum tube voltmeter is used to adjust the drive level, as

detailed in the instruction manual for the crystal impedance meter.

The calibrating resistor is removed from the crystal impedance

meter, a crystal plugged in, and the receiver tuning is adjusted

for optimum reception of the signal from the crystal.

The output of either the 100 kilocycle or the 10 kilocycle y
multivibrator, depending on the nominal frequency of the crystal

being tested, is coupled to the input of the receiver. The two [.
signals are heterodyned in the receiver. The output of the receiver

is an audio signal equal in frequency to the difference, in cycles

per second, between the two R.F. signals. I
The output of the interpolation oscillator is connected to

the input of the electronic frequency meter, and the output from j
the frequency meter is connected to one of the recording meters. I,

I'



Since the output of the electronic frequency meter is proportional

to the input frequency, it is possible to cause the pen of the

- recorder to deflect in proportion to the frequency set up on the

interpolation oscillator. The interpolation oscillator is set to

the nominal frequency difference between the crystal and the

standard harmonic signal. The recorder pen is adjusted to make

this frequency fall at the center of the recorder chart, and the

chart is advanced, leaving a mark at the nominal difference fre-

quency point.

The output frequency of the interpolation oscillator is then

adjusted, in turn, to the audio difference that marks the lower

and upper frequency limits allowed the crystals, and the chart is

marked at these two limits. This ccmpletes the calibration of

the frequency test equipment. The interpolation oscillator is dis-

connected from the frequency meter, and the output from the re-

ceiver is connected to the input of the frequency meter. The pen

of the recorder will trace out any changes in the difference be-

tween the two frequencies fed to the receiver, and since the

stability of the signal from the standard oscillator is of a high

order, any variations in the difference frequency can logically

be attributed to a change in the frequency of the crystal being

tested.

The crystal is removed from the socket of the crystal impedance

meter, and a calibrating resistor, equal in resistance to the

maximum effective resistance specified for the crystals being

1
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tested, is plugged into the meter. The circuit to the grid-current

meter of the crystal impedance meter is opened, and the meter cur-

rent is fed into a D.C. amplifier. The output of the D.C. ampli-

fier is connected to a recording meter. The D.C. amplifier gain

and the mechanical adjustments of the recorder are set to give a

convenient deflection on the recorder chart, this deflection is

marked on the chart, and its ohmic equivalent is noted. A series

of resistors having less resistance are then plugged into the

test set, and the meter deflection caused by each is marked on the

chart. Thus, when a crystal is plugged into the crystal impedance

meter the position of the recorder pin gives, at any instant, an

indication of the effective resistance of the crystal unit at

that instant.

The temperature monitoring system functions as follows: The

temperature sensor is a platinum resistance element, which is

built into a crystal holder of the same size as the holder of the --

crystal to be tested. An aluminum slug, such as that illustrated

in Figure 1, is used to hold the crystal and the temperature sensor.

"The leads of the temperature sensor are connected to the electronic

temperature recorder, which is a resistance-bridge type. The

chart drive mechanism of the temperature recorder is inoperative,

and the chart is marked, at five degree Centigrade increments above

and below zero degrees, with a narrow strip of conductive paint.

A series circuit is established from a plate circuit relay (on an

auxiliary chassis), through the pen of the recorder, the conductive

16



paint, and back to the relay. As the temperature changes and the

recorder pen moves along the chart, the plate relay closes momen-

tarily each time a five degree temperature increment is reached.

The marker pens at the edges of the charts of the Esterline-Angus

recorders are connected to a circuit which includes the coatacts

of the plate circuit relay. Thus, as each five degree increase or

decrease in temperature occurrs, the edge of the frequency and

resistance charts are marked.

In testing a crystal through its operating temperature range,

the procedure is as follows: A crystal is put into the well in

one end of the aluminum test slug, and the temperature sensor is

put into a corresponding well in the other end of the slug. The

assembly is put into a cold storage box which contains finely

divided dry ice, and the temperature of the assembly is reduced to

a point a few degrees below the minimum specified operating temper-

ature of the crystal.

A small oven, which was made by winding asbestos-covered

resistance wire around a length of copper tubing whose inside di-

ameter was a close fit over the test slug, is mounted on the front

of the crystal iuyedance meter, so positioned that when the slug

is inserted into the oven, the crystal pins are connected with

the crystal socket in the impedance meter. The winding of the

oven is connected to the output of an auto-transformer. The out-

put voltage of the auto-transformer is pre-set to a level that

will cause the temperature of the crystal to increase at the rate

required for the test.

17



L
The slug is re'wvcd from the cold box, inserted in the oven,

and the recorders and auto-transfcrmer are energizea. As the

temperature reaches minus 55 degrees Centigrade, the marker pens

of the reccorder; mark a temperature pip on th" frequency and re- I
i:itance chartu. A c(,ntinuouu :'e,:ording of thc series resonant I
frequency and effective resistance of the crystal are produced

thrcugh the rae.•tirG teini:dtuje range, with temperature reference

marks ut 5 degree intervaLs aLong the edge of the chart. This

procedu-'e is repeated fo,.- each crystal of the s!me type and fre- l
Tuency.I

For testing crystals of the temperature-controlled type, the

cold box is eliminated, and *.he temperature of the crystal is

raised from room temperature through its maximum operating temper-

ature at a controlled rate. Temperature markers are put on the

char',s at five degree intervals throughout the specified operating

temperea.urue range.

PHASE II: I
Performance of Phase II testing was begun on 12 September 1962.

On that date, Lct 1 was placed in non-operating storage, at a temper-

ature of plus e5 degrees Centigrade, in accordance with the provisions

of Paragraph 3.2.2b, Signal Corps Technical Requirement SCL-7003/84.

The e¢en in which the Lot I crystals are stored is fitted with racks

which contain crystal sockets. The crystal sockets are connected, by

coaxial cable, to bulkhead R.F. connectors (BNC series) which are mounted

in a feed-through panel in the wall of the oven. Thus, the crystals

18



which are stored in this oven can be connected to the crystal impedance

meter for test without removing them from the oven, as a short length

of coaxial cable can be run from the BNC connector to the crystal socket

in the crystal impedance meter.

On 13 September 1962, at the end of the first 24 hours of storage,

Lot I was tested to determine the series resonant frequency and effec-

tive resistance of each of the crystal units, and the measured values

of frequency and resistance were recorded. This procedure was repeated

125 hours, 225 hours, and 500 hours after initiation of the storage

test. It will also bf repeated 1000, 2000, 3000, 4000, and 5000 hours

after initiation of the test.

Lot 2 also entered Phase II testing 12 September 1962. This lot

of crystals is being operated in oscillators, at romb ambient temper-

ature. All Lot 2 crystal units are being driven at 25 percent of the

rated drive level specified for 15 to 20 megacycle CR-18A/U crystals in

specification MIL-C-3098C.

On 13 September 1962, at the end of the first 24 hours of storage,

the Lot 2 crystals were removed from the oscillators, and placed in an

oven which had been previously stabilized at a temperature of plus 30

degrees Centigrade. After a period of 24 hours at plus 30 degrees

Centigrade, the series resonant frequency and effective resistance of

each of the 30 crystals was determined and recorded. The crystals were

then returned to operation in their respective oscillators. This entire

procedure, including the 24 hour storage period, will be repeated at

the same periods of time after initiation of the test as were listed

above for Lot 1.
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Lot 6 was put into storage, at plus 85 deerees Centigrade, on 13 1
September 1962. Lot 6 is being subjected to the same test procedures, I
performed at the same time intervals after initiation of the storage

program, as were described above for Lot 1. i

Lot 5 was put into operation, in oscillators, at room temperature,

on 14 September 1962. The drive level for Lot 5 crystals was set to I
130 percent of the drive specified for CR-67/U crystals. The crystals

comprising Lot 5 are being subjected to the same test procedures, per-

formed a- the same time intervals after initiation of the storage pro-

gram, as were described above for Lots 2, 3, and 4.

To the end of this report period, Lots 1, 2, 3, 4, 5, and 6 co- i
pleted 500 hours of the storage tests. Lot 9 was put into the storage

test at the close of the report period.

PHASES III, IV, and V:

The perforzunce of these three Phases of the program cannot be

initiated until completion of Phase II. As any Lot of crystals com-

pletes Phase II testing, that Lot will move into Phase III immediately. -

If no malfunctions of test equipment occur, Lot I should enter Phase

III approximately 10 April 1963.

TEST DATA:

Test data, showing the series resonant frequency and the effective

resistance of the various crystal units at stated times during prepro- 1
duction and storage testing, is presented on pages 26 through 62 of

this report. The information on each Lot of crystal is discussed and

explained in the pages preceedine the data sheets.
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Pages 26 and 27 contain the test data on Lot 1 crystals The

nominal frequency of these cr~ystal units is 19,990,700 cycles per sec-

ond. The maximum effective resistance allowed for CR-18A/U crystals I"
of this frequency is 20 ohms. The overall frequency tolerance is plus

or minus 0.005 percent, the permitted frequency change due to shock or

vibration is plus or minus 0.0005 percent, and the permitted resistance

change due to shock vibration is plus or minus 10 percent. Thus, at

any time in any preproduction test, the frequency of the crystals must L
be within plus or minus 1000 cycles per second of nominal frequency,

and the resistance must not exceed 20 ohms, for the crystal to be in

compliance with the requirements of specification MIL-C-3098C. The

change in series resonant frequency due to shock or vibration must not

exceed plus or minus 100 cycles per second, and the resistance must

neither exceed 20 ohms, nor change more than 2 ohms due to shock or

vibration. A review of the Lot 1 data reveals that each of the 30 units

conformed to the specification requiremeats throughout the preproduc-

tion tests. The figures recorded on page 26 are the last five digits

of the series resonant frequency, in cycles per second. Thus, the 90804 -

entered for sample number 1 in the column headed "Initial Frequency"

indicates that the measured frequency of this crystal was 19,990,804 j
cycles per second. There are no entries in the col.umn headed "After

Mois. Res.", as aging, rather than moisture resistance, was performed I
on this lot of crystals. The figures on page 27 are the resistance, in

ohms, of the sables, as measured after the various preproduction tests.

Pages 28, 29, 30, 31, 32, and 33 record the same information for Ii

Ii
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the crystals comprising Lots 2, ,. and 4. The sole failure to date

among the crystals in Lots 1, 2, 3, and 4, was the failure of unit #in0,

in Lot 4, during vibration. The following four pages contain the equi-

valent data for Lots 5 and 6. The frequency tolerances for Lots 5 and

6 are plus or minus 1, 250 cycles per second overall, and plus or minus

250 cycLes chnnge from shock or vibration. The maximum allowable equi-

valent resistance is 40 ohms. The permitted change in resistance from

shock or vibration is plus or minus 4 ohms. Failures to date in these

four lots include:

Lot 6: Units A3 and A13 stopped oscillating during the aging test.

Unit A27 would not oscillate when tested at the end of 225

hours of high-temperature storage.

Pages 38 and 39 contain data on the performance of the crystals in

Lot 9. These type CR-32A/U crystal units have an overall frequency

tclerance, in the range from plus 70 degrees Centigrade to plus 80 de-

grees Centigrade, of pius or minus 0.002 percent. The required stability

within this temperature range is plus or minus 1000 cycles per second

of the nominal frequency of 49,997,000 cycles per second (in this ten

degree range) and in addition, cannot vary more than plus or minus 250

cycles per second at any point in that temperature range from any other

frequency measured in that range. Thus, if a crystal is 500 cycles per

second above the nominal frequency at a temperature of 75 degrees Centi-

grade, the frequency, throughout the temperature range from plus '70 to

plus 80 degrees Centigrade, must be between 250 and 750 cycles per second

above the nominal frequency of the crystal. The maximum acceptable

23



change in series resonant frequency from shock, vibration, or aging is

also plus or minus 250 cycleR per second. The maximum resistance is

40 ohms, the permitted change in resistance from shock or vibration is

plus or minus 4 ohms. Failures to date in Lot 5 include:

Units 21 and 27 would not oscillate after vibration. The crystal

holders were opened, and it was discovered that in each of these

unitz the support wire for the crystal plate had broken from one

oif the pins in the base of the holder, at a point adjacent to the

pin.

Unit 28 would not oscillate after low-temperature storage.

Units 15 and 19 would not oscillate after the salt spray test."I

Lots 11, 12, 13, pages 40 through 45, are CR-18A/U samples from

manuf'ecturer "B". The same tolerances apply to this data as were

listed for Lots 1, 2, 3, and 4. There have been no failures to date J
among the samples comprising Lots 11, 12, and 13. (The crystals for

Lot 14 have not yet been received from the manufacturer.) I
Lots 15, 16, and 17, pages 46 through 51, are CR-67/U samples from

manufacturer "B", and are subject to the same tolerances as were listed

above for Lots 5, 6, and 7. The sole failure to date is unit 25 of

Lot 15. The failure was enti:ely mechanical, one of the leads of the

crystal breaking off flush with the base of the crystal holder during j
the shock test. Electrically, this unit still performs satisfactorily. I
(The crystals which will make up Lot 18 have not been received from the

manufacturer.)

Data on Lot 20 crystals is presented on pages 52 and 53. There

have been no failures with these crystals.
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The shunt capacitances of the crystals are recorded on data pages

54 through 62. Lot identifications and specification requirements are

included on each data page. No crystal tested has failed to conform to

the specification requirements for shunt capacitance.

For scme Lots of crystals, the data presented in this report does

not cover all tests that have been performed, as time limitations pre-

vented reducing all the data taken to date to a format suitable for

inclusion ir his report.
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GENERAL DATA SHEET
TEST SPEC: MIL-C- PAR: TEST NO:
Cauacitance. Shunt 3098C 4.7.3

CONDITIONING: DATE:

Room ambient
MATERIAL: TEMP: RH:

Crystal Unit, Quartz, Type CR-1A/U I_
MANUFACTURER: M. NO:

"All
INSTRUMENTS: TESTED BY:

D. Switzer
Lots Number 1 and Number 2 LAB SUP CHECK:

H. Barrett
ENGRG C)IECK:

Sample Capacitance, Sample Capacitance Sample Capacitance
Number Pin-to-Pin, Number Pin-to-Pin Number Pin-to-Pin

Pi ofarads Picofarads Picofarads

1 5, 21 54 1 41 5.1
2 5.7 22 5.3 42 5.4
-3 5.2 2 3 5.0 43 5.6
4 5.6 24 5.4 44 5.6
5 5.4 25 5.3 45 9.6
6 5,4 26 5.3 46 5.4

7 5.4 27 5.7 47 5.23I
B 5-- PA 52-A J& -A
9 5.3 29 5.3 4910 5.3 10 5.6 505.I

11 5.3 33. 5.4 51 5.4

15 5.2 Q5 5.4 55 5.4

16 5.4 36 s.4 56 5.2I

17 5.4 37 5.1 57 5.2
1.8 5.5 38 5.2 1 58 5.3•

20 5.3 1 5.4 60 5.3

Regared. The shunt m AcltanceL of he chrystal ul Lits shall noi- exceed I
_2f p in- o- ±_in.
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GENERAL DATA SHEET
TEST SPEC: MIL-C- PAR: TEST NO:

CagPacitknce. Shunt I 0Ff1 73
CONDITIONING: DATE:

Room ambient
MATERIAL: TEMP: RH:

Crystal Unit. Quartz. Tye CR-18A/U
MANUFACTURER: M. NO:

IfI * I

INSTRUMENTS: TESTED BY:

D. Switzer
Lots Number 3 and Number 4 LAB SUP CHECK:

H. Barrett
ENGRG CHECK:

Sample Capacitance Sample Capacitance Sample Capacitance
Number Pin-to-Pin Number Pin-to-Pin Number Pin-to-Pin

Picofarads Picofarads Picofarads

61 5.5 81 5.5 o101 .5
62 5.3 82 5.1 102 5.6
6 1 5 .1 8 4 5.4 10o 1 5 .3
64 5.5 84 5.4 104 .

65 5L4 85 5.4 105
66 5.3 86 5.5 106 5.1
67 5.6 87 5.4, 10,1 5.2

S68 5.6 88 -5.0 ioat 5.2

69 5.6 _9 5.3 I09 5.1

'L3 S .79 5.4 -;M33
U0 1 9Qo 5.7 Jao 5-4
72 5.,6 92 5.3 IP5-3

J 13 5.3 9- a,6 13 15-3

75 5.2 99 5~ 5 nls 5.4
76 5.3 9 6 S. 14 116 5;. "
77 5•.4 97 5.2 11l7 5.3
78 5.2 98 5.4 118 5.3
79 5.1 99 5.5 119 5.1
80 5. 100 5.6 120 5.

Saw, ired Ine shunt caiactance of t e crystal u its shall not exceed
'.OQ -nf. jn-h-pLn.
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I
GENERAL DATA SHEET

TEST SPEC: MIL-C- PAR: TEST NO:

CONDITIONING: DATE:

Room ambient ______

MATERIAL: TEMP: RH:

Crystal Unit. Quartz. TYDe CR-67/U_
MANUFACTURER: M. NO: L
"All

INSTRUMENTS: TESTED BY:
In. Rvwtgr f

Lots Number 5 and Number 6 LAB SUP CHECK:
H. Barrett

ENGRG C'IECK.

Sample Capacitance Sample Capacitance Sample Capacitance
Number Pin-to-Pin Number Pin-to-Pin Number Pin-to-Pin

Picofarads Picofarads Picofarads

1 5.5 21 .4 All - .4P - .4 PP 6. 9 A 12 5.4

5.5 23 6.4 A13 5-
4 5.6 24 6.5 A14 5.4

5- 5-5 P5- 6-5- A15 56-

_ s.z zz 6.4 A1 5.3i
8 9;. 4 28 6 .6 A iA 5 . 6

9 5.6 29 6.4 A19 5.I

11 5.8 Al 5.4 A21 5.5
12 5.7 A2 5.4 A22 5.4
13 5.6 A 3 5 -5 A 23 5.3 q

14 5.9 A 5.5 A24 55.

1 6 5.6 9; 5 - 4 a P 5 .7

18 5.6 A8 5.3 A28 .

20 6._ _ A10 .5. A30 5.6

-pn_;Ili r m r m hA . f ni A- - n?÷• o ( t hisn e t- af~ l 11 iat I•t A ll gai ou r P&A~ l
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_GENERAL DATA SHEET
TEST S PEC: ?IL-C, AR TEST NO:
-rAgaciL&Ince FL. Shn t .. •• •'

CONDITIONING: DATE:

MATERIAL: TEMP: RH:
Crysta.L Unit. Q;artz, T'lTe CF,-^2;/U
MANUFACTURER: M. NO:

"AA"
INSTRUMENTS: TESTED BY:

D. Swltzer

Lot N=,ber LAB SUP CHECK:

H. Barrett
ENGRG CHECK:

Cample Capacitance Sample Capacitance Sample Capacitance
Number Pin-to-Pin Number Pin-to-Pin Number Pin-to-Pin

Picofarads Picofarads Picofarads

25.2 2 5,L 9
2 5.3 1.2 __7 22 5 .7

4 5. 5.5 2 53
1__ 5 5.2 25.1.

6 ,3 A 5.2 2 5.2I
7 'I ." 'll 5 .7 M7 5 .2

A,5.3 18 5,4 28 5.4

S5.3 19 5g.2 29 s.6
i0 5.5 20 5.2 30 5.3

Required: 4-e shunt ca 2citance of tle crystal unts shall not exceed
" .0 Pf. Rin-eDn

7

_!5_

__________!__________ _________ _________

!1_______________



GENERAL DATA SHEET
TEST SPEC: MIhL-C- PAR: TEST NO:

Pi' 1 r 'i : Rhmtt ShuntI 39. k 7 3
CONhDITIONING: DATE:

Room ambient
MATERIAL: TEMP: RH:

Crystal Unit. Quartz, Type CR-18A/U_
MANUFACTURER: M. NO:

"B"
INSTRUMENTS: TESTED BY:

D. Switzer
Lot Number 11 and 12 LAB SUP CHECK:

H. Barrett
ENGRG CIECK:

Sample Capacitance Sample Capacitance Sample Capacitance
Number Pin-to-Pin Number Pin-to-Pin Number Pin-to-Pin

Picofarads Picofarads Picofarads
L 5.8 21 5.9 41 6.o
2; 5.7 22,p 5,8 42 S.8

3 5.8 23 5.8 43 5.9
4 5._8 24 5.8 44 5.8
5 5.8 25 5.q• 45 5.8
6 5.7 26 5 .8 46; 5.7

7 5.7 27 5.9 47 5.7

98 5.8 29 5,9 49 5.9

10 5.8 30 5.8 50 5.9 T
11 5 Y. I 3Si 5. 51 5.9
12 5.1 3.2 59 52 5.9
13 5- . 33 5.f 8 53 5.8
14 S.8 a 4 S- 9 54 q.9-

15 5.7 35 5.8 55 5.8
6 5..8 36 5.9 56 6.o

17 5•8 37 59 57 5.9
18 5. 18 5.17 58 6.0
19 5.9 39 6.0 59 6.0
Q0 5.9 4o 5.9 6o 6.o

Required: The shunt caiacitance of he crystal utits shall not exceed
7.0 Pf, pin-lo-pin.
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I



GENERAL DATA SHEET I
TEST SPEC: MIL-C- PAR: TEST NO:

Capacitance, Shunt 309&-8 4.7.3 _

CONDITIONING: DATE:

Room ambient
MATERIAL: TEMP: RH:

Crystal Unit. Quartz . Twe CR-18A/U_
MANUFACTURER: M. NO:

"I "
INSTRUMENTS: TESTED BY:

D. Svitzer
LAB SUP CHECK:

Lot Number 13 H. Barrett
ENGRG C ECK:

Sample Capacitance Sample Capacitance
Number Pin-to-Pin Number Pin-to-Pin

_Picofarads Picofarads

61 5.8 . 76 5,9
62 5,8 77 5,7
63• 5 1 78 A.
6 5.8 70 5. 7
65 5.8 80 5.8

•;5,9 81 5.8

67 5. 9 82 5.868 9. Q A,4 5. ,I
69 5.9 81 _.8

70 .5.8 8.5 ,5.B
71- 5,7 86 5.8
72 , 5.9 87 5.8
73 5.9 88 5.8
74 5.9 82 5. 8
7_5 . 5.8 90 _.7

Required: e shunt cat citance of t e crystal

_nits shall n exeed 7. f Din-to-

i5n.
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GENERAL DATA SHEET ._____
TEST SPEC: MIL-C- PAR: TEST NO:

elkanictanApte Shunt 4-- TESTr NO:7

CONDITIONING: DATE:
Room ambient
MATERIAL: TEMP: RH:
Crystal Unit, Quartz, Type CR-67/U
MANUFACTURER: M. NO:

INSTRUMENTS: TESTED BY:
D. Svitzer

Lots Number 15 and Number 16 LAB SUP CHECK:
H. Barrett

ENGRGqCHECK:

Sample Capacitance Sample Capacitance Sample Capacitance
Number Pin-to-Pin Number Pin-to-Pin Number Pin-to-Pin

IPlcofarads Picofarads _ Picofarads
1 4.4 21 4.4 All 4.s

_____22 4.6 A1; 4.4
4.5 23 4.4 A1 .3 4.5

4 4._ 5 24 4.4 A4 4.5
5 4.4 25 4.6 Al0 4.4
6 4.4 26 4.4 A16 4.4
124 .5 27 4 . 5 A _ .26

4.. 29 4.4 A19 4.5,Co 4. . 30 4.4. A20- 4.5

11_. 4 . .4 A l 4 . .4 A 2 1 4 .4
12 4.4 A2 4.4 A22 4.513 4.5 A3 4 .5 A2.3 4.414 4.4 A4 4..4 A24 4.5

16 '4.6 A6 4. .4 A26 4.5

17 4.4 A7 4.6 A27 4.6

8 4..5 A8 4.5 A28 4.14IQ 4.4 A9 4.4, A29 4.6
20 4.4 A10 4.4 A-4 4.4

Reaulred: reshunt ca itance of tIe crystal urits shall nol exceed
7.0 Pf, pin-t -pin.
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GENERAL DATA SHEET _ _

TEST SPEC: MIL-C- PAR: T TEST NO:

Capacitance, Shunt0 L0 4..7.3 _

CONDITIONING: DATE:
Boom Ambient

MATERIAL: TEMP: RH:

Crystal Unit, quartz. Type CR-67/U_
MANUFACTURER: M. NO:

II I I1

INSTRUMENTS: TESTED BY:

T)n Rwltzar
Lots Number 17 and Number 18 LAB SUP CHECK:

H. Barrett
ENGRG HECK:

Sample Capacitance Sample Capacitance Sample Capacitance
Number Pin-to-Pin Number Pin-to-Pin Number Pin-to-Pin

Picofarads Picofarads Picofarads

T2 . 4.5 T21 4.4 L11
T2 4.5 T22 4.5 fi2

T3 4.6 T23 4.6 _13

T4 4.4 T27 4.4 1L47T5 4-4 528 4.5 T-1 .L

T- 4.5 T27 4.4 L17

TIo 4.6 TiO 4.4 T20
T1.2 4.6 T_1 TL..
T12 4.6 L2 L22
T13 4.6 Q L23 ,

T14 4.6 L_ L24

T15 4.6 L5 12-

TM6 4.6 L6 L26
T17 4.5 L7 127

T18 4.5 L8 128
T19 4.6 L9 _29

Tj± 4.5 L10 L30. _

Rean~rod: Thp sthunt- e-A tat~tAnng gfe of b n3ztm aha1 ovee
70nf, Pin-iQo~kn•.,
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GENERAL DATA SHEET
TEST SPEC: M31-C- PAR: TEST NO: I
chmnittmaie 3098 I~QC I4-7.3

CONDITIONING: DATE:

Room ambient ______

MATERIAL: TEMP: RH:
Crystal Unit, Quartz, CR-74/U

MANUFACTURER: M. NO:
vigilR

INSTRUMENTS: TESTED BY:
W. Janney

Lot Number 20 LAB SUP CHECK:
H. Barrett

ENGRG _HECK_:

Sample Capacitance Sample Capacitance
Number Pin-to-Pin Number Pin-to-Pin

Picrofarad Pi tnfaradt

4.6 16 4.5 [
2 4.4 17 4.5

____--4.4 mL. .9 ,•34.5 18 4.5

4 4.5 19 4.5
9 4.4 20 4,4 .4-

6o 4.4 21 4.57 4.5 22 4._

82 4.4 23 4.59Q 4.5 ~ 24 4._

______ 10 4.4 1 54.5

______ 11 4.4 26 4.6
_______ 12 4.4 27 4±.5

13• 4.4 28 4.5
1_4 4,4 29 4.5

15 4.5_30 4.6 -

II
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Conclusions

Since only a small percentage of the sample crystals are in the

storage portion of this program, and these have been in storage for

only a relatively short period of time, not enough data has yet been

accumulated that any useful evaluation and analysis can be performed.

When the next Quarterly Report is prepared, there will be sufficient

information recorded that a meaningful review and analysis can be made,

and some conclusions drawn concerning the objectives of this study.

6
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Program for the Next Interval I

During the next report period, preproduction testing of all crystals

required for this program will be concluded, and all the crystals will I
be in Phase II testing. The data presently on hand and the data accruing

during the next period will be analyzed to determine if any particular

factors that produce failures of quartz crystals can be identified and

explained.

I
I
I
!
I.
I

I
I
I
I
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Identification of Personnel

During the period covered by this report, two people have been

directly assigned to this contract. These are the Project Engineer,

Mr. Carleton E. Jones, and a technician, Mr. Dixon Switzer. A descrip-

tion of their backgrounds was included in the First Quarterly Report.

A second engineer, Mr. Robert Pease, also worked on this contract

during this report period, designing the printed circuit oscillators

used for the program, and supervising the fabrication and initial oper-

ation of the oscillator boards.

Through the end of this report period, Mr. Jones has performed

approximately 850 man-hours of work on this contract, Mr. Pease 470

man-hours, and Mr. Switzer 690 man-hours.

A brief description of the background of Mr. Pease is given below.I
PEASE, ROBERT W. - Engineer

Years Actively Engaged in Profession - 24 Years

Academic Training

Ohio State University 1931-1936

Mployment Record

Dates Company Duties

1960 - Present Inland Testing Laboratories Engineer
1958 - 1960 Jackson Electrical Instr. Co. Engineer
1957 - 1958 Production Control Units, Inc. Engineer
1954 - 1957 Frigidaire Div. G.M.C. Process Engineer
1953 - 1954 Acro Mfg. Co. Project Engineer

1939 - 1953 Fanco Inc. Asst. Dir. of Lab.
1936 - 1938 Battelle Memorial Institute Lab. Technician
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Professional Experience

Inland Testing Laboratories - Engineer

Engaged in the designing of test fixtures and circuits; supervise J
technicians in the performance of electrical and environmental tests;
prepare test procedures and reports.

Supervised test programs on aircraft transceivers; rescue trans- I
mitters; alarm receivers; oseillescopes; Signal Corps transmitters and
receivers; R.F. broad band transformers; crystal test circuits and fix-
tures. I

Jackson Electrical Instrument Co. - Engineer

Engaged in design of electronic circuits and instruments. i
Designed transistorized marine depth sounder and detergent mixture

detector for comnercial dish washers. I
Production Control Units, inc. I
Engaged in design of special equipment.

Designed electrical circuits and requisitioned parts for automatic
vacuum alarm and dehydration equipment for hersetitally sealed refri- I
geration compressors.

Frigidaire Division, General Motors Corp. - Process Engineer I

Responsible for design and construction supervision of process
tools and equipment for use in manufacturer of motor starting relays. I
This Lncluded automatic control circuits and automated assembly andinspection. Also responsible for plant layout for this department.

Acro Manufacturing Co. - Project Engineer

Responsible for design of spring forming machine and water level
control for automatic home washers and dish washers. I

Ranco, Inc. - Asst. Director of Laboratory

Responsible for supervision of laboratory technicians during
absence of Director. Designed and supervised construction of laboratory
test equipment and production assembly and test equipment. i

Battelle Memorial Institute - Lab. Technician

Performed tests necessary in study of the corrosion of various 3
steel alloys.
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Chief of Research & Development Chief
OCS, Department of the Army U.S. Army Security Agency
Washington 25, D.C. 1 Arlington Hall Station

Arlington 12, Virginia 2
Chief Signal Officer
ATTN: SIGRD-4-a Deputy President
Department of the Army U.S. Army Security Agency Board
Washington 25, D.C. 1 Arlington Hall Station

Arlington 12, Virginia
Director
U.S. Naval Research Laboratory Commander
ATTN: Code 2027 Armed Services Technical Information Agency
Washington 25, D.C. 1 ATTN: TIPCR

Arlington Hall Station
Commanding Officer & Director Arlington 12, Virginia 10
U.S. Navy Electronics Laboratory
San Diego 52, California 1 National Bureau of Standards

Boulder Laboratories
Chief, Bureau of Ships, Code 690B Boulder, Colorado
Department of the Navy ATTN: Mr. W. D. George 1
ATTN: Mr. R. B. McDowell
Washington 25, D.C. 1 Commander

Air Force Cambridge Research Laboratories
ASD (ASRNGE-3) ATTN: CRKL-R
ATTN: Mr. C. W. Friend L. G. Hanscom Field
Wright-Patterson Air Force Base, Bedford, Massachusetts
Ohio 1

Commander
Coimander Air Force Comnand & Control Development Div.
Aeronautical Systems Division ATTN: CRZC
ATTN: ASNPVE-2, Mr. E. Borgelt L. G. Hanscom Field
Wright-Patterson APB, Ohio 1 Bedford, Massachusetts

Commander Comander
Aeronuatical Systems Division Air Force Command & Control Development Div.
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The Magnavox Company
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Bell Telephone Laboratories, Inc. 4501 Bueter Road
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Commanding General McCoy Electronics Company
U.S. Arwy Signal Supply Agency Mt. Holly Springs, Pennsylvania
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Reeves-Hoffman Corporation Scientific Radio Products, Inc.
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This contract is supervised by the Solid State & Frequency Control Division, Electronic
Components Department, USASRDL, Fort Monmouth, New Jersey. For further technical infor-
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